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Abstract 


This standard is a specification of an 8 and 16 hit personal 
computer backplane bus. It is based on the PC and AT 
buses originally developed hy IBM and widely used 
throughout the personal computer industry. There are 88 
active signals and 10 power and ground lines contained in 
two PCB edge connectors (62 and 36 pins). Two form fac- 
tors are specified, 3.9 inches x 13 inches with one connector 
for 8 bit adapters and 4.5 inches x 13 inches with two con- 
nectors for 16 bit adapters. 
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Standards documents are developed within the Technical Committecs of 
EE Socictics and the Standards Coordinating Committees of the IF 
Standards Board. Members of the committces serve voluntarily and without 
compensation. The arc not necessarily members of the Institute. ‘Ihe standards 
developed within the IEEE. represent a consensus of the broad expertise on the 
subject within the Institute as well as those activities outside the IEEE which have 
expressed an interest in participating in the development of the standard. 


Use of an IEEE Standard is wholly voluntary. ‘Ihe existence of an IFEE Stand- 
ard docs not imply that there are no other Ways to produce. test, measure, pur- 


chase, market or provide other goods or services related to the scope of the INEE 
Standard. Furthermore, the viewpoint expressed at the time a standard is ap- 
Proved and issued is subject to change brought about through devclopments in 
the state of the art and comments received from uscrs of the standa:d. Every 
IEEE Standard is subjected to review at least once every five years for revision 
or reaffirmation. When a document is more than five ycars old, and has not been 
reaffirmed, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the state of the art. Users are cautioned to determine 
that they have the latest edition of any IEEE Standard. 


Comments for revision of IEEE Standards are welcome from any interested party, 
regardless of membership affiliation with IEEE. Suggestions for changes in doc- 
uments should be in the form of a proposed change of text, togcther with appro- 
priate supporting comments. 


Interpretations: Occasionally questions may arise regarding the meaning of 
portions of standards as they relate to specific applications. When the necd for 
interpretations is brought to the attention of the IT the Institute will initiate 
action to prepare appropriate responscs. Since IEEE Standards represent a con- 
sensus of all concerned intcrests, it is important to ensure that any interpretation 
has also received the concurrance of a balance of interests. Vor this reason, TE 
and the members of its technical committees are not able to provide an instant 
response to intrpretation requests except in those cases where the matter has pre- 
viously received formal consideration. 


Comments on standards and requests for interpretations should be addressed to: 


Secretary, Standards Board 
345 Last 47th Street 
New York, New York 10017 
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}: Originated in 1986 in the efforts of the PCET, which was a PC industry group formed to codify and extend the 
PC/AT 1/O channel and became an IFEE. working group in 1987. A PAR was issucd, P996, and two subcom- 


nittees were formed, one to extend the capabilitics of the bus and the other to codify the existing defacto industry 
piandara bus. 


The 8 bit I/O channel found in the IBM PC and XT and later extended to 16 bits in the AT, has become a defacto 

gtandard found in millions of IBM and IBM-compatible personal computers. However, because no detailed timing 

[pesvieations were released by IBM there always has been confusion as to what constituted “compatibility” to the 
C and AT buses. 


Board designers had to test their products in many different PC and AT sysicms to establish some degree of 
confidence that they would work correctly when installed in user's systems. 


* System designers had to test many different boards in their systems and compare timing and circuits to other 
widely used PCs and ATs as well as the original IBM designs. 


n all above cases this just guaranteed compatibility to a “typical” system since a “worst casc” system did not 
normally exist. The “reference” was an RMIIz, IBM model 339 PC/AT with worst case timing numbers specified. 


his document is intended to define the operation of the PC/AT I/O channel as concisely as possible for both 
ystem and add-in board designers and manufacturers. 
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1. Introduction 


This document is intended to provide a common specification for the development of systems and adapter boards 
that operate in that system using the P996 Bus. It is the intent of the P996 committee to develop an industry 
standard definition that allows system and adapter board developers, system integrators and end users confidence 
in compatibility of products designed to mect the P996 specification. 


The intent of this specification is to allow for the use of most PC and PC/AT 
6. P996 allows for higher performance than those buscs but allows u 


cards. It can also be used as a specification for the opcration of the & 
systems. 


adapter cards in conjunction with 
scrs to take advantage of existing adapter 
bit 1/0 channel found in PC and PC/XT 


1.1 Specification Objectives 


The P996 bus specification defines the interface for the usc of inte: 


C rconnccting data storage, data Processing, and 
Peripheral control devices in a closely coupled configuration. 


This specification describes physical, clectrical characteristics and Protocol of the P996 bus. 


1.2 > System Elements 


1.2.1 Physical Structure 


The physical structure of the 2996 bus defines the relationship of the adapter connectors to the required size for 


adapters attempting to mcet the standard. Two different adapter form factors have been identified that would 
conform to the P996 bus structure: 


© 8 bit form factor card adapter (PC height) physically compatible to the PC/XT. 
© 16 bit form factor card adapter (AT height) physically compatible to the PC/AT 


1.2.2 Functional Structure 


The functional structure of the P996 bus consists of four groups of signal lines called busses. 


These signal groups 
are intended for the following functions: 


© Data Transfer 
= Address 
= Data 
*© Utilities 
= Controls 
= Commands 
= Transfer Response — 
© Bus Arbitration 
© Interrupts 


Each of those functions are discussed in in detail in Section 1.3.5.3, “Signal Definition" of this document. 


1.3. Specification Terminology 


1.3.1 Bit Numbering Conventions ; 

The busses of the P996 bus specification are numbered from ‘0’ (a single digit), appended to the name, for least 
significant bit to the appropriate number for the most significant clement in the bus. ‘The one exception is the 
LA bus that is numbered to represent the address valuc that it carrics. For the P996 busses the following are the 
Icast and most significant bits: 


eee 
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Most Significant Least 


LA23 LA17 
sAl9.  ————_ sao 
D15 Do 


| 1.3.2 Byte Numbering Conventions 


Sixteen bit words are addressed on an even byte address boundary (AN=0). ‘Ihe following table shows the align- 
) ment in memory of byte and word addresses. 


1s 08 07 00 


byte address 
word<6>. 6 


word<4>. 4 < 
byte<3> | byte<2> 2 
byte<1> | byte<o> to) 


1.3.3 Signal Line States 


és signal line is always assumed to be in onc of two levels or in transition between these levels. The term LOW 
refers to a voltage less than-or equal to Vil (0.8V) with respect to the ground reference provided at the bus con- 
nector. The term IIGII refers to a voltage equal to or greater than Vik (2.0V) with respect to the same reference. 
ie voltage levels are defined in Table 8.2 on page 8.1 and Table 8.3 on page 8.1 


1.3.4 Active Polarity 


Signal names carry information as to the logic level of the asserted state. A signal name with a “*” following it is 
active (asserted) when it is LOW. A signal name with no trailing “*” is active (asserted) when it is HIGH. 


1.3.5 Terminology 

1.3.5.1 General 

Backplane: A circuit board with one or more bus connectors which provides signals for communications between 
bus adapters. 

Bus Adapter: Any device which occupies a bus slot and responds to or gencrates Memory or I/O addresses, gen- 
crates interrupts or in any way communicates with other clements (Permanent Master or bus adapters) using the 


systcm bus is considered a bus adapter. 


Bus: A set of signal lines to which a number of devices are connected and over which information is transferred 
bctween them. 


Byte: A set of 8 signals or bits taken as a unit. 

K Bytes (K): ‘KBytes’ refers to 1,024 bytes. 

MBytes (M): ‘MBytes’ refers to 1,048,576 bytes. 

Slot: is a physical location on the bus that allows connection of bus adapters to the backplane. 

Word: A set of 16 signals or bits taken as a unit. A word is composed of two sequentially addressed bytes. 
(.3.5.2 Protocol 


Alternate Master: is any device that can take control of the bus through assertion of the MASTER* signal. It has 
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‘the ability to generate addresses and bus control signals in order to perform bus operations. All Alternate Masters 
must be 16 bit devices and drive SBHE*. 


Bus Exchange: The process by which the bus mastership is passed between different adapters on the bus. This 
Process is defined in section 3, “Alternate Mastcr Opcrations”. ‘Ihe exchange is designed in such a way as to 
allow reliable system opcration with multiple bus masters. 


Bus Ownership: The Current Master possesses bus ownership and can assert any bus control, address and data 
lines. i 


Current Master: The Permanent Master, Temporary Mastcr or Altcratc Master which currently has ownership 
of the bus. 


Initiator: is any device which gencratcs addresses and strobes according to the defincd protocol of the bus to cause 
a transfer of information to occur on the bus. The initiator is characterized by the gencration of address and control 
lines rather than responding to those signals. A Bus Adapter can be an initiator, target or both. 


DMA transfer: is initiated by asserting DMA request. ‘The transfer is controlled by the Current Master. 


DMA device: is defined as any device which gencrates a DMA requcst but requires that the permanent bus mas- 
ters’ logic support the actual transfer of data and gating on the bus. 


Permanent Master: Each P996 bus will have a device known as the Permanent Master that provides certain signals 
and bus control functions as described in Section 3.5, “Permanent Master". The Permanent Master function can 
reside on a Bus Adapter or on the backplanc itself. 


Target: is any device that responds to an address and control inputs on the bus to perform 1/O, memory or control 
functions. The target is characterized by the receiving of address and control signals to accomplish a bus operation. 


Temporary Master: A Temporary Master is defined as a device that is capable of gencrating a DMA request to 
obtain control of the bus and responding to an acknowledge signal in conjunction with an I/O read or write. The 
Permanent Master's DMA control logic coordinates a simultancous memory access and I/O operation based on 
this request. Addresses, memory and I/O control are generated by the DMA device on the Permanent Master. 


1.3.5.3 Electrical 


Open-Collector: A bus signal connection that can be driven to a logic ‘0° level only. A pullup resistor to the 
positive supply is requircd to establish a logic ‘I’ Ievel. It can also be implemented with a tri-state driver by con- 
trolling the output cnable and forcing the input. Drive capability for P996 open-collector signals is defined in 
Table 8.4 on page 8.3. 


Totem-Pole: is a bus signal connection that is capable of driving the bus to the logic ‘I’ or logic ‘0’ level. It cannot 
be disabled. Drive capability for P996 totem-pole signals is defined in Table 8.4 on page 8.3. 


Tri-state: is a bus signal connection that presents low Icakage current on the bus in the disabled state. This signal 
is capable of driving the bus to cither the logic ‘I’ level or logic ‘0’ level when enabled. Drive capability for P996 
tri-state signals is defined in Table 8.4 on page 8.3. 
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2. Signal Definition 
2.1 Introduction 


This section defines cach signal and its function. Detailed information of scquenccs are described in Section 2.5.1. 
“Data Transfer Operations". 


2.2 Data Transfer 


2.2.1 Address 

The address bus consists of two sections, the first is the pipelined or un-latched address which is valid only with 
Tespect to the BALE strobe. The address for the next access can become available on the LA23..LA17 lines before 
the end of the current cycle. The balance of the addresses arc defined to be stable throughout the bus cycle. 


LA23..LAI7: The address signals LAZ3..LA17 define the scicction of a 128KB section of memory space within 
the I16MB address range of the sixteen bit data bus. These signals are Active II]. ‘The validity of the MEMCS16* 
depends on these signals only. These address lines arc prescnicd to the system with tri-state drivers. The Perma- 
nent Master drives these lincs except when a Alternate Master cycle occurs, when the Temporary Master drives 
these lines. The LA signals are not defined for I/O accesses. 


SAI9.SAQ: The address signals SA19. .SAO define the sclection with the granularity of one byte within the IMB 
section of memory defined by the LA address lines. The address lincs SA19..SA17 that are coincident with 
LA19..LAI17 are defined to have the same value as LA19..LA17 for all memory cycles. These signals are Active 
HI. These address lines are presented to the system with tri-state drivers. Ihe Permanent Master drives these lines 
except when a Altemate Master cycle occurs when the Temporary Master drives these lines. During a refresh ini- 
tiated transfer only SA7. .SAO are valid. 


SBHE*: is an Active LO signal that indicates that a byte is being transferred on the upper byte (SD15 . .SD8) of 
the sixteen bit bus. All bus masters will drive this line with a tri-state driver. 


2.2.2 Data 
The data bus is the primary vehicle for the exchange of information within the P996 structure. “These busses can 
be driven by either a Initiator or a Target in a particular bus transfer. The signals are Active IZT, tri-state signals. 


SDI5.SD8: are defined for the high order byte of a sixtcen bit bus. Memory or I/O transfers on this bus are 
defined when SBHE* is active. 


SD7..SD0: are defined for the low order byte of a sixtcen bit bus and the only bus for cight bit adapters and sys 
tems. Memory or I/O transfers on this bus arc defined for & bit operations with even or odd addresses and for 16 
bit operations for odd addresses only. ‘The signals SAO and SBHE arc uscd to define the data present on this bus. 
Byte multiplexing is described in Scction 3.3, “IOMA Opcrations”. 


Table 2.1. Data Alignment with 16 bit Bus Adapter 
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2.3 Utilities 
2.3.1 Controls, 


SYSCLK: This clock signal may vary in frequency from 6MIIz to B.I3MIIz. however, timing parameters shall 
‘Ot be referenced to this clock. 


OSC: This is a clock signal with a 1431818 MIz £50ppm frequency and a 5045% duty cycle. This signal is 


| a by the Permanent Master. 
ESETDRYV: This Active HI signal indicates that the adapter should be brought to an initial resct condition. 


This signal will be asserted on the bus a specified minimum amount of time to insure the adapters in a system arc 
>roperly reset. When active all adapters should tum off or tri-state all drivers connected to the 1/0 channel. This 
ignal is driven by the Permanent Master. 


2.3.2 Commands 7 
=: following signals are used to control data transfer operations on the P996 bus. 


BALE: is an Active HI signal is used to latch valid addresses from the current Bus Master on thc falling edge of 
ALE. During DMA, refresh and Alternate Master cycles, BALE is forced 11GII for the duration of the transfer. 
ALE is driven by the Permanent Master with a totem-pole driver. 


sing this strobe should decode for selection of adapter and address based on SA15..SAQ and AEN. Additionally, 

MA devices will use I/OR* in conjunction with the appropriate DACKn* to decade a DMA transfer from the I/O 

device. The Current Master will drive this linc with a tri-state driver. The Permanent Master also tics this line to 
=* through a 4.7KQ resistor to insure the signal is inactive during the exchange of bus masters. 


OW*: is an Active L.O signal driven by the Current Master to indicate a I/O write operation. I/O mapped devices 
; using this strobe should decode for sclection of adapter and address based on SA15..SA0 and AEN. Additionally 


IOR*: is an Active LO signal driven by the Current Master to indicate a I/O read operation. 1/0 mapped devices 


MA devices will use -I0W in conjunction with the appropriate DACKn* to decode a DMA transfer from the 1/0 
evice. The Current Master will drive this line with a tri-state driver. ‘The Permanent Master also tics this line to 
+5V through a 4.7K2 resistor to ensure that it is inactive during the exchange of bus masters. 


MEMR*: is an Active LO signal driven by the Permanent Master to indicate a memory read operation in the 

first IMB of system memory. Mcmory mapped devices using this strobe should decode addresses SAL9. .SAO 

nly. All bus masters will drive this line with a tri-state driver. The Permanent Master also ties this line to +SV 
tog: : a 4.7KQ resistor to cnsurc that it is inactive during the exchange of bus masters. 


SMEMW?*: is an Active LO signal driven by the Permanent Master to indicate a memory write operation in the 

first IMB of system memory. Memory mapped devices using this strobe should decode addresses SAL9. .SAO 

bnly. All bus masters will drive this line with a tri-state driver. “The Permancnt Master also tics this line to +5V 

through a 4.7KQ resistor to ensure that it is inactive during the exchange of bus masters. If an Alternate Master 
im MEMW*, the Permanent Master will drive SMEMW* delayed by an internal multiplexer. 


MEMR*: is an Active LO signal driven by thé Current Master to indicate a memory read operation. Memory 
mapped devices using this strobe should decode addresses LA23..LA17 and SA19..SAO. All bus masters will 


rive this line with a tri-state driver. The Permanent Master also tics this line to +5V through a 4.7KQ resistor to 
Ensure that it is inactive during the exchange of bus mastcrs. —~ 


apped devices using this strobe decode addresscs LA23. .LA17 and SA19..SA0. All bus masters will drive this 
line with a tri-state driver. The Permanent Master also tics this line to +5V through a 4.7K resistor to ensure that 


t is inactive during the exchange of bus masters. 
iw... If an Alternate Master drives MEMx*, the Permancnt Master will drive SNEMx* delayed by an internal 


multiplexer. @ 


i Bsrves oe is an Active LO signal driven by the Current Master to indicate a memory write operation. Memory 
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2.3.3 


sfer Response - :- 


TOCS16*: is an Active LO signal driven by an 1/O-mapped adapter indicating that the 1/0 device located at the 
address on the bus is sixteen bits wide. ‘This open collector signal with a 3002 pullup is driven based only on 
SA15S..SAO (not IOR* or TOW*) when AEN is not asserted. 


MEMCS16*: This Active LO signal is driven by a memory-mapped adapter indicating that the memory device 
located at the address on the bus is sixteen hits wide. This open collector signal with a 3008 pullup is driven based 
on LA23..LA17 only. 


ENDXFR®*: is an Active 1.0 signal asserted by an 16 bit memory mapped device that may cause an carly termi- 
“nation of the current transfer. It should be gated with MEMR* or MEMW* and is not valid during DMA transfers. 
TOCHRDY has precedence over ENDXFR*. It is called OWS* on some implementations. ‘This is an open collector 
signal with a 3002 pullup. 


TOCHRDY: is an Active HI signal driven inactive by the target of cither a memory or I/O operation to extend 
the current cycle. This open collector signal is driven based on the system address and the appropriate control 
strobe. IOCHRDY has precedence over ENDXFR*. 


TOCHCK®*: is an Active LO signal driven active by an adapter detecting a fatal error during bus operation. This 
open collector signal is driven LOW typically causing a non-maskable interrupt. 

2.4 Bus Arbitration 

241 DMA 

DRQO..DRQ3,DRQS5..DRQ7: are Active HI signals driven by a DMA bus adapter to indicate 2 request for a 
DMA bus operation. DRQ1. .DRQ3 request 8 bit DMA operations while DRQ5. .DRQ7 request 16 bit operations. 


All bus DMA adapters will drive these lines with a tri-state driver. ‘The Permanent Master monitors this signal to 
determine which if any of the DMA devices are requesting the bus. 


These lines are not guaranteed unless a bus adapter has been configured into the system that drives this line spe- 
cifically. Therefore, it is the responsibility of the Permanent Master to ‘mask’ request inputs through software. 


DACKO*..DACK3*,DACKS*..DACK7*: are Active 1.0 signals dri by the Permanent Master to indicate that 
a DMA operation can begin. They are driven with a totem pole driver at all times for those DMA channels that 
are attached. 


AEN: is an Active HI totem-pole signal driven by the Permanent Master to indicate that the address lines are 
driven by a DMA controller. The assertion of AEN disables response to 1:0 port addresses when the VO command 
strobes are asserted. When AEN is asserted only the device Asserting DRQ” should respond. 


REFRESH*: is an Active LO signal driven by the Current Master to indicate a memory refresh operation. ‘The 
Current Master will drive this line with a tri-state driver. 


TC: This Active HI signal is assertcd during a read or write command indicating that the DMA controller has 
reached a terminal count for the current transfer. DACK*n must be presented by the bus adapter to validate the 


TC signal. 
2.4.2 Arbitration Control 
MASTER®*: is an Active LO signal driven by a DMA bus adapter to indicate that the adapter is going to perform 


an Alternate Master cycle after accomplishing a bus exchange. This open collector signal is driven only when the 
DMA adapter has received the YMA acknowledge assigned in the system by configuration. 
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2.5 Interrupts 
2.5.1 Requests 


i ich indicate the presence of 
§: are Active HI open collector signals whic! f c 
20 ar Rete ROMAIRGIS, and IRQ9 are available on the PL (8 bit) pager eng 
TRQI1O. TRQI2 and TRia. LTRQLS are available on the P2 (16 bit) Sonnectot peoviding 8 total of eleven inter- 
Tupts for a system. Because of the use of pullups, unused interrupt inputs must be masked. 


iti i ithi i f shared interrupts as described in 

i stem can be accomplished through the use o i d J 
| tire Stuer eon aan be noted that the shared interrupt concept fcauires (hat the jnicrmupting 
adapter on the bus indicates the necd for interrupt service with a pulse rather than a net Basch ware supporting 
the interrupt arbitration must be designed (or programmed) to be edge rather than level se . 


Fa 
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3. Data Transfer Operations 


3.1 Introduction : : 
The sequence and the timing of the defined bus data transfer, interrupt, DMA and Alternate Master and other event 


sequences are shown with an explanation of the dependencies. Section 3.2, “Memory and 1/0 Operations” speci- 
fics memory and I/O operations for standard non-DMA transfers when 


((AEN = L) OR (NASTER* = H)) AND (REFRESH* = H) 


DMA sequences are defined showing the aspects of the sequences that are unique to DMA transfers. The transfers 
defined for the Permanent Master also apply to DMA devices with the indicated limitations. Section 3.3, “DMA 
Operations” specifies cycle operations for DMA transfers when 


(AEN = H) AND (REFRESH* = H) 


Section 3.6, “Refresh” specifies refresh operations whcn REFRESH* is asserted. 


Each section consists of a timing specification table followed by onc or more timing figures. 


3.2. Memory and I/O Operations 


Table 3.1 on page 3.3 is a summary of memory and I/O opcration timing. Many of the parameters are used for 
several of the timing diagrams describing the various transfer operations on the bus. Figure 3.1 on page 3.4 thru 
Figure 3.3 on page 3.6 describe the timing scquences for 8 and 16 bit memory and I/O transfers on the bus. 8 and 
16 bit memory and I/O extended timing (using IOCHRDY) transfers are shown in Figure 3.4 on page 3.7 and 16 
bit memory compressed (using ENDXFR*) transfers arc shown in Figure 3.5 on page 3.7. 


3.21 Memory Read Default Timing 

The start of a cycle is indicated by the LA23..LA17 address lincs being driven and BALE going active. The ad- 
dressed device decodes the LA23. .LA17 aduress lincs and drives MEMCS16* to indicate that the device is capable 
or not capable of 16 bit transfers. On the falling edge of BALE, the remaining address lincs SA19..SAO become 
valid. The falling edge of MEMR* or SMEMR% indicate that the cycle is to be a memory read cycle, the read data 
is then placed on the bus by the target device and is read on the rising cdge of MEMR* or SMEMR*. 


3.2.2 Memory Read Extended Timing 

For extended timing, the MEMR* and SMEMR* strobe widths are extended to allow more time for the read data to 
become available. After MEMR* and SMEMR* become active, the target drives. IOCHRDY inactive until the read data 
becomes available at which time IOCHRDY goes active and the cycle completes as it did in the default timing case. 


3.2.3. Memory Read Compressed Timing 

For compressed read timing, the MEMR* and SMEMR* strobe widths can be shortened by asserting ENDXFR* when 
a valid memory address qualified with MEMR* has been recognized and the requested data has been placed on the 
SD bus. The Current Master is then free to immediatcly deasscrt MEMR* and SMEMR* as soon afterwards as is 
convenient (the data has been guarantccd latched). The target being read is responsible for cnsuring sufficient data 
hold time for the initiator to latch the data by not removing the data from the SD bus until MEMR* has been de- 
asserted. This type of read timing is valid only for 16 bit memory operations, 


3.2.4 Memory Write Default Timing 

The start of a memory write cycle is very similar to a memory read cycle, The LA23. .LA17 address lines become 
valid and BALE goes active, the addressed device decodes the LA23. .LA17 address lincs and.drives MEXCS16* to 
indicate that the device is capable or not capable of 16 bit transfers. On the falling edge of BALE, the remaining 
address lincs SA19..SAO0 become valid. A memory write cycle is indicated by the leading edge of MEMW* or 
SMEMW*. The write data is available on the SD7..SDO lincs (or SD15..SDO lines for 16 bit transfers) prior to 
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MEMW* and SMEMW* going active and remains valid until after the trailing edges of MEMW* and SMEMW*. This allows 
the write data to be latched on cither cuge of MEMW* and SMEMW*. ' 


3.2.5 Memory Write Extended Timing . 

Extended write timing is similar to the memory read case, in that the MEMW* and SMEMW* arc widencd to allow 

More time for the target device to latch the write data on the SD lines. After MEMW* and SMEMW* become active, 
my: target drives IOCHRDY inactive which will hold MEMW* and SMEMW active until IOCHRDY is released. 


3.2.6 Memory Write Compressed Timing 
For compressed write timing, the MEMW* and SMEMW* strobe widths can be shortened by asserting ENDXFR* when 
valid memory address qualified with MEMW* has been recognized and the requested data has been latched from 
the SD bus. The Current Master is then free to immediately deassert MEMW* and SMEMW*. The target being written 
3 is responsible for ensuring sufficient data hold time to latch the data cither by waiting to assert ENDXFR* until the 
m:: is latched or by providing sufficient path delays in its logic. This type of write timing is valid only for 16 bit 
nemory operations. 


-2.7 Bus Settling Factor 
¢ inclusion of a factor for bus settling will insure a high degree of compatibility between systems incorporating 
the P996 bus. It assumes a fully loaded 8 slot backplane, additional slots will require a longer settling time. 


A bus settling time of 11nS is sufficient to account for backplane impedance, trace length and load violations, driver 
ype, and relative slot location cf driver and receiver. 


For a low to high transition, the time is measured from Vol (0.5V) at the driver to Vih (2.0V) at the receiver. For 
high to low transition, the time is measured from Vok (2.4V) at the driver to Vil (0.8V) at the recciver. 


is settling time appears in several ways in the timing tables as a difference between the delay times at the driver 
and receiver: 


Two signals generated by drivers on the same device. The skew of thcir arrival at receivers on another device 
can be a maximum of I1nS. 


From a driver on one device to a recciver on another and return from a driver on the other to a Tecciver on the 
first device. The total round trip is 22nS. 


Rise time for a line driven by an open-collector driver terminated with a pull-up resistor. The settling time for 
these entries is 22nS and 78nS for 3002 and 1K pull-up resistors, respectively, for a single direction of travel. 


iy 
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LA sctup to BALE deasserted 
BALE pulse width 
LA hold from BALE deasscrtcd 
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LA sctup to MEMx* asserted. 
LA sctup to MEMx* asserted. 


MEMCS16* valid from LA 


MEMCS16* hold from LA 


SA,SBHE® setup to MEMx* 

SA,SBHE® sctup to 10x* 

SA,SBHE™ sctup to 10x* or MEMx* 
Command width 

Command width 

Command width with ENDXFR* asserted 
Command width 5 

Read data access 

Read data access 

Read data access with ENDXFR* asserted. 
Read data access te 2. 

Write data setup 

Write data sctup 

Wnie data sctup (even) 

Waite data sctup (odd) 

SA, SBHE* hold 

Command deasserted 

Command deasserted 

Command deasserted 


Z (o) 


ace 


12 
13a 
b 


iv 
on 


Read data hold 
Wnite data hold 


Read Command to SD disabled 


ENDXFR* asserted from command 


I0CS16*% asserted from SA 


10CS16* hold from SA 


IOCHRDY valid from command asserted 
IOCHRDY valid from command asserted 


IOCHRDY deasserted pulse width 


Command hold from IOCHRDY 
BALE asserted from command deasserted 


Clock period (I'clk) 


Data setup to IOCHRDY deasserted (8 bit even) 
Data sctup to IOCHRDY deasserted (8 bit odd) 


LA hold to MEMx* active 
LA hold to MEMx* active 


ENDXFRX sctup to SYSCLK falling cdge 


ENDXFR* hold from SYSCLK falling cdge 


AEN deasserted to command asserted 


AEN assericd from command deasserted 


AEN sctup to BALE deasscrted 


SD disabled from read command asserted 


LOCHRDY hold from command asserted 


LA sctup to ENDKFR* asserted 


SA sctup to ENDXFR* asscrtcd 


Table 3.1. Memory and I/O Timing 
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SYSCLR al Nat NE NEP AED NIT NAS NP NES NEN 
<—8. > > 
| MEMR* , MENW* \ 
> 5 ia 
SD<15..0> ———~ 
<-7->| 
SA<16..0> 
SBHE* 
<——_4——> | 26-|<- 
<—1—> | <-3-> —>|23]<— 
BALE ae ey ee eee 
[te 
ee 
LA<23..17> x 
| Iss] _> i 
——E———————— ee 
MENCS16* \ / 
| ee eee, 
IOCHRDY \. / Note 1. 
ENDXFR* \__/ Note 2. 
Figure 3.1. 16 bit Memory Timing: 
Note: 
1. IOCHRDY Timings apply if deasserted. Sce Figure 3.4 on page 3.7 
2. ENDXFR* Timings apply if asserted. See Figure 3.5 on page 3.7 
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| <—3——> | <-13—> 


TOR*, Tow* \ / 

=>]11]<-10—>|14 
_ 
-> 


< 
16—|<= 
15|<- 


SD<18..0> 


SA<1S..0> 
SBHE* 


tTocs16* 


BALE 
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Figure 3.2. 16 bit I/O Timing: 
Note: 


1, IOCHRDY Timings apply if Ucasserted. Sce Figure 3.4 on page 3.7 
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Figure 3.3. 8 bit Memory or I/O Timing: 
Note: 
1. IOCHRDY Timings apply if deasscrted. See Figure 3.4 on page 3.7 
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NEMR*, MENW* 


\___ 
—>|20]<21>]22]/<. 


IOCHRDY 
-> 


SD<15..0> 


ENDXFR* 


SYSCLK VWI VIVID NP NI POT 


ENDXFR* 

LA<23..17> 

SA<19..00> ———— 

MEMR* , MEMW* 

SD<15..0> cece 
IOCHRDY 7 ae 


Figure 3.5. ENDXFR* Timing: 
Note: 


1. Assertion of ENDXFR* within the maximum time from command is only required for a 16 bit 


cycle with zero wait states, otherwise ENDXFR* may be asserted at any time during the cycle 
while command is asserted. 
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3.3. DMA Operations 


ioe 3.2 is a summary of DMA operation timing defined for DMA transfers illustrated in Figure 3.6 on page 

3.9. Many of the parameters are used for several of the timing diagrams describing the various transfer operations 

On the bus. DMA transfer timing is determincd by the width of the participating 1/0 and memory. If both are 
16 bit devices then the timing rules for 16 bit opcrations are used. Under all other conditions, 8 bit timing rules 
should observed. 


TC (Terminal Count) is used by the Permanent Master's DMA controller to indicate the last transfer in a particular 
block of data. This signal is always driven by the Permancnt Master and may not be driven by an Alternate Master 
icvice. 


Routing of data is described in Section 3.5.2, “Data Routing” for cascs of 8 and 16 bit devices transferring data. 
The DRQz signal for a channel, once asserted, must remain asserted until the corresponding DACK*n is received. 


DMA devices that have requested the bus should not drive IOCHRDY to the inactive state, the request should not 
_ i generated unless data is available from the device. 


ALE remains asserted throughout DMA and Alternate Master operations and therefore is not suitable for starting 
a memory access sequence. 


fe ae on ee 
DACKn*, AEN setup to IOR* 7 
DACKn*, AEN setup to IOW* . 32 


Address setup to MEMx*,TOW* 10 


3a | IOR* setup to MEMW* 
MEMR* setup to IOW* 


Data access from IOR* 8/16b 
Data access from MEMR* 16b 
Data access from MEMR* 8b 


Data sctup to IOW* unasscrtcd 
Read command hold from write cmd 
SBHE*, address hold 

Data hold from read command 


IOCHRDY deasserted from 16b memory command 
IOCHRDY deasserted from 8b memory command 


TC hold from command unasserted 


IOR* pulse width 
MEHMR* pulse width 


IOW*, MEMW* width 


DACKn* hold from IOR* 
DACKn* hold from I1OWw* 
AEN hold from cmd 


DREQ inactive from 10x* 
IOCHRDY low width 


ll Table 3.2. DMA Timing 
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Notes 1. and 4. 


DRQn 


DACKn* 


SA<16..0>,SBHE*, 
LA<23..17> 


TOR* 
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IOW* , MEMx* No = _«f, | a ey / 

4|<—5—> | a | 
SD<15..0> ————__ ee 

<—16: >[10]<— 

Ales 

Tc oe ay 
[=15-] a 


\__/ Note 2. 


Figure 3.6. DMA Timing: 


Note: 


1. DRQa may be deasserted anytime after DACKn* during a block mode DMA transfer. 

2. IOCHRDY may be deasserted to insert additional wait states. Additional bus wait states are 
added in units of two bus clocks. 

The DMA controller activates TC during the last cycle of a DMA request. 

DMA transfers may be broken up into multiple back-to-back cycles where the DMA controller 

removes DACKn* and optionally releases the bus to allow higher priority cycles to occur. In 

this case DACKn* will be temporarily deasserted even though DRQz is still asserted. 
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3.4 Alternate Master Operations 


This section describes data transfers between a ‘Temporary Master and a target of different word width. Only the 
routing of data and not the Sequencing or synchronization of such transfers is described. DMA transfer timing is 
determined by the width of the participating I/O and memory. If both arc 16 bit deviccs then the timing rules for 
16 bit operations are used. Under all other conditions, 8 bit timing rules arc observed. 


Timing for Alternate Master operations are identical to those specified for memory and I/O operations in Section 
3.2, “Memory and 1/0 Operations” and in Figure 3.1 on page 3.4 through Vigure 3.5 on page 3.7. The only ex- 
Ssption is that LA23. .LA17 must be held valid for the entire cycle. Combined memory and I/O cycles (eg. DMA) 
are not available to a Temporary Master. Both YO and memory operations are valid except that zero wait-state 
(ENDXFR*) timing is not supported because it would be difficult to achieve since the Alternate Master clock is ci- 
ther asynchronous or at least skewed from the Permanent Master clock. 


Figure 3.7 depicts a Bus Exchange sequence which differentiates a Alternate Mastcr cycle from others. Once the 
‘Temporary Master has gained control of the bus it may perform any combination of memory or I/O operations. 


If a Temporary Master retains control of the bus for more than 2.5 microscconds certain existing bus adapters 
oN may suffer data overrun conditions. 


If a Temporary Master retains control of the bus for more than the refresh period (~ 15yS), bus refresh operations 


i be performed to insure DRAM data validity. An alternate approach is to ‘trigger’ DMA or Alternate Master 


pPerations from the trailing edge of REFRESH* to ensure that the sequence completes and releases the bus before 
she refresh period occurs. 


ome existing systems do not drive MEMCS16* correctly for the lower 256KB or $12KB of memory. It is advisable 


© provide for internal generation of that signal on an Altemate Mastcr controller that necds to gain peak per- 
‘ormance on the bus. ; 


DRQn af Nn 
ie | DACKn* Wee NS oe ee ae 
MASTER* Na ——ee | 
any valid 
be | AEN —— tf memory or I/O Xen, 
| operation 


SBHE* 
LA23..LA17 
SA19..SAO0 ——— 


IOR* , IOW*, 
SMEMR* ,MEMR* 
SMEMW*,MEMWA >. 


1 Figure 3.7. Alternate Master Bus Arbitration 


There is one and only one device on a P996 bus that is described as the Permanent Master that’s function is to 


4 Deal with generation of fixed timings signals 


e Resolve bus allocation issues that by their nature require the involvement of a single centralized arbiter 
Facilitate the routing of data between devices of different widths. 
;~4 Detect and service interrupts. 


| Data Transfer Operations 
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In many systems; the Permanent Master is located on a System Board containing processors, memory and other 
key components of the system. In many systems, the Permanent Master also functions as a gateway between the 
7996 bus and other local memory or I/O buses that arc tightly coupled to the processor. While this is a common 
arrangement, it is not the only one permitted by this specification. 


The Permanent Master is a fixed device on the P996 bus. Its dutics may not shift from board to board in the same 
way that altemate mastership may. Although more than one board may posscss the logic necded to function as a 
Permanent Master, it is assumed that there is never any dynamic transfer of that function from board to board 
during normal bus operation. 


The Permanent Master may also contain logic that allows it to function as an Altcrnate Master, or it may contain 
logic that allows it to function as the primary bus master device. In addition, it may function as a gateway to other 
such devices. . 


The Permanent Master must, by definition, be the widest device in any given bus system. Any devices narrower 
than the channel controller are attached in such a fashion that they are aligned in their least significant bits. That 
is: 8 bit devices are only allowed to be connected to SD7..SD0, 16 bit devices may only be connccted to 
SD15. .SDO, etc. : 


The Permanent Master must be capable of reading and writing data on all of the system’s data lincs in systems 
having more than 8 data lines. The Permanent Master has no data routing functions to perform in an 8 bit bus 
system since all devices are the same width. 

The Permanent Maste: shall be capable of generating the following control signals: 

SYSCLK: distributed as a reference clock to all Bus Adapters. 

OSC: distributed as a reference to all Bus Adapters. 

RESETDRYV: broadcast to all Bus Adapters to resct them. 


REFRESH*: distributed to indicate a refresh cycle to all Bus Adapters with IDRAMs that do not perform local 
refresh. 


BALE: indicates to a Bus Adapter that the LA lines are valid and may be latched on the falling cdge. It is forced 
high during a DMA or Alternate Master operation. 


AEN: when asserted indicatcs that the DMA device is driving the address lines. 
TC: indicates to an 1/0 device involved in a DMA operation that this is the last transfer (IMA terminal count). 
It should monitor the following signals: 


SA@: which indicates when asserted that the current bus master device is transferring data starting at an odd byte 
address. 


SBHE*: which indicates when asserted that the current bus master device is transferring data in or out on 
SD15..SD8. 


MEMR*, MEMW*, IOR*, IOW*: all must be monitored to detect the direction and timing of transfers. 


MEMCSI6*, [OCS16*: arc monitored to detect that the destination device addressed has 16 bit transfer capa- 
bilities of its own. 


IRQ3..1RQ7, IRQI.ARQI2, IRQ14.IRQIS: are monitored to detect interrupt conditions. 

AEN, DRQO..DRQ7, DACKO*..DACK7*: must all be monitored to track bus-to-bus transfers by “traditional” 
DMA devices. It is assumed that some information is conveyed by the allocation of these lines about the nature 
of the bus master involved in the transfer, and the Pcrmancnt Master is aware of this information. Systems sup- 
porting 8 bit deviccs assign channcls 0-3 only to 8 bit deviccs and channels 4-7 only to 16 bit devices. 
MASTER*: which indicates that the bus is in use by an Alternate Master device. 


It may also generate or monitor signals for other purposes not related to data routing. 
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bee Initlator and Target Transfer Width Determination 7 
The Permanent Master is the sole device with responsibility for output of sate fa the shai pedcigtyins 
SD15..SDO from devices that require multiplexing services to adjust the routing of data e otaystctn data lines. 
‘erent width. Ordinarily, this data is a copy of data currently being placed on another group of s 


The Permanent Master monitors the bus signals generated by the Current Master in order to decide when and in 
=. direction to multiplex data based on the initiator and target transfer widths. 


‘ . atic + i i ter doing a transfer to 
t determines the width of the initiator by examining SBHE*. If the master is a 16 bit mas : 

an odd byte address, this signal will be asseriel If it is not asserted, the initiator is cither not a 16 bit master, or 
oes not require multiplexing since it is transferring only low byte data. 


F . : ini *, If none of 
The Permanent Master determines the width of the target in hy cxamining MEMCS16* and I0CS16 
these signals are asserted, the target is assumed to be an 8 bit device; if cither of them is asserted, then the target 
i is 16 bits. 
‘5.2 Data Routing ; ey 
For transfers between 8 and 16 bit devices, the data transfer routing and those requiring crossover transfers per- 


_ by the Permanent Master arc shown in ‘Table 3.3. 


Normal Crossover 
Transfer Transfer 


HL+HL 


~| Iocs16* 


x 


HL+IIL 
L+L 


a Write (+) 
PM, IM Write (+) 


[ie [ Read) [em | 
Mem 


[16 | write (»)_| 


HL-+HL 


[6b | write cy | legal 
| 8b | write (4) X] oO] tse 


Write (+) 


[_ & | 

16b | Read (+) 
Read (+) 
[8 | Read (+) 
[8 | Read (+) 


able 3.3. Data Transfer Routing Requirements 


xf L+L 
Pete |} —J 
UPXx ] a 7 tegal 

rPx]a LeL 
Note 


pod In the Initiator column, PM and TM are abbreviations for Permanent Master and Temporary Master, respec- 
tively. : 


2. [land L indicate the high or low byte transfer respectively, III, indicates that both high and low bytes of a word 
are transferred simultancously. A H or L on the Icft side of a an arrow corresponds to the initiator, while a H 
or L on the right side of a an arrow corresponds to the target. ‘The arrow indicates direction of transfer. 


5 Data Transfer Operations 
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RCA target responding as an 8 bit device must not 
~-~ = ence with the crossover logic. ---- = 7 = 


While the above data routing ensures that data appears correctl: 
ditional logic is needed to allow transparent transfers between . ic 
~must be generated by the current bus master to move data from a wide device to a narrow onc, 
narrow devices must be retained and merged from several t 


Draft D2.02 (13 July 1999) 


drive the high byte (SD15 . <SD8) of the bus to avoid interfer. 


y justificd when it is transferred, a great deal of ad- 
devices of differcnt widths since multiple transfers 
and data from 
ransfers when it is coming from a narrower device. 


3.6 Refresh 


A REFRESH* provides sequencing for refresh of dynamic memory residing on the P996 bus. Use of the REFRESH* 
line is optional by the bus adapter, however, generation of it by the Permanent Master is required. A Temporary 

~ Master other than the Permanent Master must initiate refresh cycles by asserting REFRESH* if it retains control 
of the bus for longer than 15 pS. The sequence required to generate refresh cycles is: 


If the Permancnt Master has control of the bus, it first asserts BALE at the start of a refresh operation. If an 
Alternate Master or Temporary Master has control of the bus, the Permanent Master will already be asserting 
BALE. 


. An Altemate Master must tri-state ins address and control drivers before asserting REFRESH*. 
. The Current Master asserts REFRESH* to begin the refresh operation. The Permanent Master will detect the 


assertion of REFRESH* and scqucnce a memory refresh operation by asscrting SA7..SA0, SMEMR* and 
MEMR*. The values of SA19..SA8> and LA23..LA17 are undefined during the refresh operation. They may 
be driven or undriven (tri-stated). « 

The Current Master assert REFRESH* until after the deasscrtion of MEMR* so that the slave memory boards can 
differentiate between a refresh opcration and a memory read operation. 

The Permanent Master increments the refresh address at the deassertion of REFRESH*. 

If the Current Master is also the Permanent Master, it dcasscrts BALE. 


Refresh must be performed at a rate at Icast 256 operations cvery 4mS. 
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Description Min 
Shor Op ot 
SA<07..0> setup to MEMR* 0 


SA<O7..0> hold from MEMR* 
IOCHRDY deasserted from MEMR* [| 


MENR* deasserted from IOCHRDY 
REFRESH* setup to MENR* 
REFRESH®* hold from MEMR* Note |. 


| A ownership delay Note SSCS 


REFRESH* hold from SA<07..0> valid 
Address and Control disabled to REFRESH* asserted 


Table 3.4. Refresh Cycle Timing: 
Note: 


7 


BEEEES: 


1. The Temporary Master may excced the maximum REFRESH* hold time in order to conduct 
another refresh operation. . . 

2. The Temporary Raster, if the Current Master must tri-state the address and command signals 
Prior to driving REFRESH* = L. 


—_|<-+—>| hn 
REFRESH* eas ee es 
ie —> 15) <— —>]3]<-14>| 
-> mx , 
— ae ee 
peed SAC7 «0? 9599595 7 
| [ee | <—1. > | <—8—> | ——— 
pod — | 
EMR* \—/ 7 y 
F | —>|4]<-9-> -5|<——10—__>| 
IOCHRDY \ 7 
LJ] ae <12> 
i ee ee 
i REFRESH* =). eee 
Figure 3.8. Refresh Timing | 
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4. Interrupt Operations 


‘The interrupt request lines, IRQ3..IRQ7, IRQ9. -IRQ12, IRQ14. .IRQ1S signal the Permancnt Master that a 
adapter squires tervice: The paaasor on fs Permanent Master acknowledges the interrupt and takes the re- 
quired action with the appropriate interrupt secvice routine. 


4.1 Non-shared Interrupts 


Non-shared interrupts allow only one adapter to usc an interrupt request linc at the same time. Initially the adapter 
currently using IRQz drives it to a LOW state. The adapter generates an interrupt by either driving it to an HIGH 
state if using a tri-state driver or by releasing the the active pulldown if using a open-collector driver allowing it to 
be pulled to a HIGUI state by the resistive pull-up. IRQa must remain at a HIGHT state until the interrupt is ac- 
knowledged. - 


After the interrupt is acknowledged, the interrupt service routine must cause the adapter to rectum IRQa to an 
LOW state. 


When the adapter no longer requires interrupt service, it should remove its active drive (tri-state or open-collector) 
of IRQz so that it may be uscd by another adapter. 


4.2. Shared Interrupts 


Shared interrupts allow more than onc adapter use a common interrupt request line. A requestor must have an 
interrupt status latch that is set before the an interrupt is initiated. ‘The processor starts an interrupt sequence on 
the rising edge of a negative pulse (125 to 1000 nSecs) of the interrupt request linc. ‘The interrupt status latch must 
be reset (and the interrupt level re-enabled) oy the interrupt scrvice routine. The interrupt line should be driven 
with an open-collector driver or or tri-state equivalent (c.g., 15125 with input connected to +5V, enabled when 
interrupt is to be asscrted). 


Interrupt Operations rr 
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5. Bus Arbitration 


5.1 Introduction 


This section specifies bus arbitration operations where bus ownership’is transferred between the Permanent Master 
and an Altemate Master. : : 


$.2 Arbitration Timing Specification 


LA<23..17> 
SA<19..0>,SBHE*__ PH. 


MEMR* , IOR* 
MEMW* , IOW* 


Figure 5.1. Bus Arbitration Timing: 
Note: 


1. Refer to Figure 3.6 on page 3.9 for o 
2. PM and TM are abbreviations for Pc: 


perations run by the ‘Temporary Master. 
manent Master and ‘lemporary Master 
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DRQzv active to DACKn* active, Note I. 

DACKn*to MASTER* delay 

Permanent Master tri-states bus signals 

AEN delay from MASTER* 

Alternate Master drives address and data signals, Note 2. 
MASTER* delay from DRQn inactive 

DACKn¥* inactive from DRQzv inactive, Note 3. 

Altemate Master tri-statcs bus signals 

Permanent Master drives bus signals 

DRQz inactive hold from DACKn* 


, 


Alternate Master inactive from last command unasserted. 


— 5.1. Bus Arbitration Timing 
Note: 


The exact timing is determincd by the DMA controller. 


Refer to Section 2.5.1, “Data Transfer Operations” for the timing of operations executed by the Altemate 
Master. 


The Alternate Master driving the command lincs should adi 
times specified in Section 2.5.1, “Data Transfer Opcrations”. 


3 


here to the command to address and data sctup 


CEEEEEEEES 
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6. Bus Initialization 


6.1 Introduction me ae 
This section defines the timing of the initialization scquence after resct and the initial state of signals on the ue 


6.2 Initialization Timing 


POWERGOOD  __/////////////1/11 
|——181—_ 


RESETDRV 


T84—_____| 
T82| 


Bus Signals \\\\\\\\\\\\\\>- 


Ctlr Ready 


Figure 6.1. Initialization Timing 


Description 

POWERGOOD to RESETDRV deasscrtcd 
RESETDRV asserted to bus signals inactive 
RESETDRV asserted to bus adapters ready 
RESETDRV pulse width 


Table 6.1. Initialization Timing Summary: POWERGOOD is a signal usually gencrated by the local power 
supply indicating that the power supply voltage levels are stable. 


T83 is the time that bus adapters have to initialize themsclves. After this time it should be possible 
to at least query the adapter and have it return “not ready”. It docs not include time for an attached 
peripheral, e.g., a disk drive, to become “ready”. 


Bus Initialization = 


| 
| 
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The initial state of signals on the P996 bus after RESETDRV gocs inactive is: 


a 


re [eazs.staa7 Tx [meee | 
eae [sais..sao [x | imwetve | 


Stee Sk beeen | 
| ee 


[ svscex ete PO C~*d 
| 
[reseroay | @ | imetve [CS 


Uuilities/ Commands 


IOR*, OW, 
SMEMR*, SMEMW*, 
MEMR*, MEMW* 1 


Utilities/ Transfer Response 


I0CS16%*, MEMCS16* 1 inactive 

ENDXFR* 1 inactive 

IOCHCHK* [ 1 | inactive 

IOCHRDY [1 [inactive 

Utilities/ Interrupts 

IRQ3..IRQ7 

IRQ9..IRQ12 Pulled up by the Permanent Master. Interrupts should be 
IRQ14..IRQIS I asserted | masked in the interrupt controller (8259 or equivalent). 


Bus Arbitration[DMA 


DRQO. .DRQ3, 
DRQS.-DRQ7 inactive 


DACKO*. .DACK3*, 
DACKS*. .DACK7* 


EN [0 [inactive 
REFRESH* Bra 
Tc [ o | 
Bus Arbitration|Arbitration Control 


MASTER* | 1 | inactive 


Table 6.2. Initial Signal State 


i 
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7. Bus Error 


A bus operation error is signalled with IOCHCHK*. This must be asserted for the period specified in Table 7.1 to 
guarantee that it will be sampled. It is cleared by the next memory reference with no error, ¢.g., a good DRAM 
access or read from the ROM. . 


7.1 Timing 


[ret [min [max [ Type | Size [Description 
Pra [ tee] [| ocncure potewiah 


Table 7.1. Initialization Timing Summary 


Bus Error TA 
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8. Board Specifications 


8.1 Introduction 


This section specifies requirements and restrictions for add-in boards that will be used on the P996 bus. These 
should be met to guarantee compatibility and reliable operation. 


8.2 Electrical Characteristics 


8.2.1 Power/Voltage Requirements 
These specifications are measured at the connector over the full temperature range. 


[Min | [Max | | Current | 
+4.875V 
-5.25V 


Table 8.1. Power Supply Voltage/Current Spccifications 


8.2.2 Bus Receiving and Driving Requirements 


DC receiver input and driver output levels and measurement conditions are tabulated in Table 8.2. The receiver 
input characteristics can be satislicd using LS or ALS TIL or their equivalents. All measurements made from 


0-70°C. 


[Srmbot_[ Paneer] 
Vil Input low Ti=1il 

Pe [ape Thread 
[i [tapas ow Tvi=vav] 


Table 8.2. Recciver Input DC Parameters 


Note: Current flow is defined as Positive if it enters a device and Negative if it leaves the device. 


There are three classes of drivers specificd by P996 that are described 


if in ‘Table 8.4 on Page 8.3. ‘These are combi- 
nations of tri-state, open collector, and tote: 


m-pole lines with or without pullup/termination resistors. 


Output high lo= lok 

Output low lo= lol 

Ouipt high eaape | Vo= Ver] [OC diver — J 
Table 8.4 on Page 8.3 


Ioh Output high Vo=2.4V 
lol Output low Vo=(),5V Table 8.40n Page 8.3 


Table 8.3. Driver Output DC Parameters 
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8.2.3 Stub Length 


‘The signal stub length is defined as the length of the longest trace from the connector pin to the drivers or receivers 
of this board. The maximum stub length is 2.5 inches. 


8.2.4 Loading 


iv: iver input load: 
Each adapter board shall present no more than the equivalent of two (IS ors equiv aon) recelees in) EB pia 
and a maximum capacitive load of 1SpF on each signal line. ‘The capacitive load spe 
Output capacitance, 


Certain lines TC and DACKx* are driven from the Permanent Master to the Bus Adapters with reduced DC current 
Capability and are permitted only a single receiver input load on each Bus Adapter. 


8.2.5 Min/Max Rise and Fall Times 


i i i i rd is 3nS. ‘This can be achieved 
Thi tput and fall times of drivers measured at the adapter boa: 
lasing LS or ALS eompenble drivers, the use of F or AS compatible drivers is not recommended. 


Driver AC current capability should be carefully chosen to mect these requirements. Use of devices with faster 


Switching characteristics will increase the bus scttling times and will increase rather than decrease the delay to a 
stable output. 
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8.3 Mechanical Characteristics 


Skirts, the area below the board adjacent to the edge connector fingers, arc not recommended to prevent interfer- 
ence with components on the system board. 


8.3.1 Board Outline, 8 bit Form Factor Printed Circuit Boards 


(<——————<— 12.425 —<—$$$$_ | 


————————— 


[clearance zone | 
Ceard guide) 


[ Jo.300 
—>1]<-0.125 


I<— 3.000 ->] 
I<—- 3.190 —> 
<-0.905 


Figure 8.1. 8 bit Form Factor Board Outline Drawings: Notes: 


1, All units in inches. 


2. Dimensions for connector finger spacing are center-line to center-linc. 
3. 0.905 dimension may be smaller depending on bracket mounting method used. 
4. Card edge fingers are centered in the connector tabs. 


© skirts are permitted on 8 bit form factor boards in the arca where the 


16 bit (C/D) connector would go on a 
16 bit form factor board. 
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Signel 


Signer 


ov TOCHCHK# 
RESETDRV sp7 
+5V SD6 
IRQ9 SDS 
-5 SD4 Bracket End ft 
DRQ2 sD3 
712V sp2 
ENDXFR¥ sol 
412V spo 
ov TOCHRDY 
SHENWH AEN 
SHEHR™ salg 
IOws SA18 
ToR™ SA17 
PL DACK3™ SAl16 
DRQ3 SA1S 
DACK1« SA14 
Drql SA13 = 
REFRESH® SA12 
SYSCLK SALL 
IRQ7 SAlO 
IRQ6 SAQ 
IRQs SAB 
IRQ4 SAT 
IRQS SAG 
Dacke™ SAS 
Te SAG 
BALE SAB 
+5V SA2 
osc SAL 


ov SAO 


+ Add-in Board Component Side 


MEMCS16™ SBHE™ 


Tocs16= La23 
IRQ1O LA22 
IRQ1L La2l 
IRQ1Z Lazo 
IRQS Lalo 
1RQ14 LAs 

DACKO™ LA17 
DRQO MEMR® 
P2 DACKSx HEHW 
DRQS spa 
DACK6* spo 
DRQ6 SD10 
DACK7™ sD1l 


DRQ7 
+5V 
MASTER® 
ov 


sp12 
spl3s 
sDl4¢ 
SD15 


Figure 9.1. P996 Connector Pin Assignments (System Board, Top View): ‘Ihe bottom of the figure is the. 
front (bezel sidc) of the system. 
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Signal 


ov 
RESETDRV 


Bracket End + 


SAl2 
Sall 
SAlO 
say 
Sas 
‘SAT 
SAG 
SAS 
SAq 
SA3 
SA2 
SAl 
SAG 


REFRESH® 
SYSCLK 
IRQ7 


+ Add-in Board Solder Side 


‘SBHE® MEHCS16" 
La2s IOcs16™ 
La22 IRQlO 
La2l IRQ 
LA20 IRQL2 
Lalg IRQIS 
Lals IRQ14 
LA17 DACKOx 

MEMR® DRQO 


HEHWe DACKS® 


sos DRQS 

spo DACK6™ 
sple DROS 
$p11 DACK7™ 
sp1z DRQ7 
sols +5V 


HASTER™ 
ov 


Figure 9.2. P996 Connector Pin Assignments (System Board, Bottom View): ‘Ihe bottom of the figure is the 
front (bezel side) of the system. 
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